Studies of MS prevalence using uniform methods are needed in high risk regions such as Canada, and should standardize for age and sex, to ensure comparability between studies and to facilitate examination of regional variations. 1 In publicly funded health systems such as Canada, administrative health claims data are population-based and have been used successfully for surveillance of other chronic diseases. 4 An optimal administrative case definition for MS has been validated in Manitoba, 5 but included prescription claims data which are not always available elsewhere. As a result, this definition has limited generalizability as a case ascertainment method for other Canadian provinces. We aimed to validate an administrative case definition of MS without using prescription claims, and to apply this definition to estimate the incidence and prevalence of MS in Nova Scotia. Our longitudinal dataset also offered the opportunity to assess temporal trends in the incidence and prevalence of MS over a twenty year interval.
METHODS
Nova Scotia is an eastern Canadian province with a population of approximately 945,000 (http://www.gov.ns.ca/ finance/statistics//stats/default.asp?id=1). Our data sources included provincial administrative health claims data held by the Population Health Research Unit (PHRU) at Dalhousie University (http://www.phru.dal.ca), and medical records from patients attending the Dalhousie Multiple Sclerosis Research Unit (DMSRU). Ethical approval for this study was obtained from the Capital Health Research Ethics Board.
Administrative Data
Nova Scotia residents receive care through the publicly funded provincial Health Insurance Program. In 1993/1994, health card identification numbers were reassigned as "lifetime" unique personal numbers for each Nova Scotia resident; this number is attached to each health service claim. Persons who moved out of province or died before this reassignment did not have their health card number reassigned. Within the Health Insurance Program, the Insured Patient Registry captures sex, date of birth, and dates of coverage and death for each beneficiary of provincial health services. Fee-for-service physicians submit a claim with the patient's identification number, date of service, and a 3-digit International Classification of Disease (ICD)-9 code for the assigned diagnosis. Most salaried physicians also shadow bill. 6 Between 1989 and 1996 physicians could submit only one diagnosis per claim, but as of 1997 could submit up to three diagnoses. Because some Canadian jurisdictions submit only one diagnosis per physician claim, we used only the primary (first) diagnosis submitted for each physician claim. Before 2001, hospital discharge abstracts records used 5-digit ICD-9 codes, but subsequently used ICD-10-CA codes. For hospital admissions, we used all available diagnoses. Prescription claims data were not used.
In 2008, we used administrative claims data from Manitoba to identify persons with demyelinating disease using ICD-9/ICD-10 diagnostic codes and prescription claims. 5 To validate candidate case definitions, questionnaires were mailed to 2000 randomly selected persons with an encounter for demyelinating disease, requesting permission for medical records review. Using a standardized form and trained reviewers, we reviewed medical records, including clinic notes and reports of diagnostic testing (imaging, cerebrospinal fluid, evoked potentials), and used these as the standard to evaluate candidate case definitions using administrative data. As done in Manitoba, 5 we searched Nova Scotia hospital and physician claims from January 1, 1990 to December 31, 2010 for diagnostic codes (ICD-9/ICD-10-CA) for demyelinating diseases of the CNS, including optic neuritis (377.3/H46), acute transverse myelitis (323.82/G37), acute disseminated encephalomyelitis (323/G36.9), demyelinating disease of CNS unspecified (341.9/G37.8), other acute disseminated demyelination (G36), MS (340/G35), and neuromyelitis optica (341.0/G36.0). Also as before, we created several potential case definitions, varying the number of physician and hospital claims, and the years of data required to classify a person as having MS.
Dalhousie Multiple Sclerosis Research Unit (DMSRU) Database
The DMSRU is the only provincial outpatient clinic specializing in MS care in Nova Scotia. It has a clinical database that was established in 1980. Since 1998, the DMSRU has been the sole provider for disease-modifying therapies in Nova Scotia. As a result, new and suspected MS cases are referred for evaluation and those on therapy are required to be re-evaluated on an approximately annual basis. Those who are older, or disabled, or not requiring neurologic follow-up are less likely to attend the clinic currently but may be registered in the database as a result of past attendance. 7 Each patient visit has been documented systematically since 1980, including those in whom the diagnosis of MS was ultimately refuted. Diagnoses are updated at each clinic visit using standardized data collection forms, and are classified as definite/probable MS, possible MS or not MS according to the prevailing diagnostic criteria as of the date of that visit. [8] [9] [10] [11] Patients attending the DMSRU consent to linkage of their clinical and administrative data for research.
Incidence and Prevalence
We compared the classification of MS cases according to the administrative case definitions and to DMSRU diagnoses by computing sensitivity, specificity, positive (PPV) and negative predictive value (NPV), as well as Youden's J, an index that equally weights sensitivity (Se) and specificity (Sp), calculated as: (Se + Sp) -1. 12 We estimated agreement using a kappa (k) statistic. We interpreted k as: slight (0-0.20), fair (0.21-0.40), moderate (0.41-0.60), substantial (0.61-0.80), and almost perfect agreement (0.81-1.0). 13 We then applied three preferred case definitions to estimate the prevalence and incidence of MS. Those meeting the MS case definition were considered to be affected from the date of their first demyelinating disease diagnostic code, as listed above. Prevalence of MS was estimated annually using the mid-year population figures for denominators. To estimate incidence we required a five year runin period preceding the first demyelinating disease claim to ensure that cases were truly incident; 1995 was the first year we could establish an incident case. We used the direct method to age-standardize the results to the 2001 Canadian population to be consistent with prior work, 5 and calculated 95% confidence intervals (CI) assuming a Poisson distribution. Statistical analyses used SAS V9.1 (SAS Institute Inc., Cary, NC).
RESULTS
Over the twenty year study period, the administrative data yielded a cohort of 8445 persons with ≥1 demyelinating disease claims from a total population of 19,302,827 (0.034%). The DMSRU captured 4285 persons, of whom 3805 (88.8%) were linked successfully to administrative claims data. Of those linked, 2773 (72.9%) had definite or probable MS, 509 (13.4%) had possible MS and 523 (18.9%) did not have MS. All DMSRU cases had at least one demyelinating disease claim. Of 5071 Nova Scotia residents with ≥2 MS claims, 3384 (66.7%) were evaluated in the DMSRU, while 3174 (74.4% of 3174) of those with ≥3 MS claims were evaluated, 2901 (80.4% of 3606) of those with ≥5 MS claims were evaluated, and 2687 (83.1% of 3232) with ≥7 MS claims were evaluated. Thus most Nova Scotians with repeated health care contacts for MS had been evaluated in the DMSRU.
Initially, we classified persons with possible MS (based on DMSRU data as of December 31, 2010) as having MS, given that some could ultimately be diagnosed with MS (Group 'A' clinical case definitions). 14 As the number of required health care contacts (hospitalizations or physician visits) increased, the sensitivity of the administrative case definition as compared to the clinical case definition decreased, while the specificity increased (Supplemental Table 1 ). The administrative case definition which required ≥7 hospital or physician claims was the least sensitive (78%; 95% CI: 77-80%) but most specific (77%; 95% CI: 73-81%) and had the highest PPV (95%; 95% CI: 94-96%). The PPV for the case definition which required ≥5 hospital or physician claims was similar (95%; 95% CI: 94-96%).
When we re-classified persons with possible MS as not having MS (Group 'B' clinical case definitions, Supplemental Table 1 ) the sensitivity of the administrative case definitions increased slightly, the specificity decreased, the PPVs tended to be slightly lower and the NPVs were higher. Agreement, as measured by kappa, also increased and was moderate for definitions requiring ≥3, 5 or 7 claims (k = 0.50-0.54). Finally we excluded the individuals with possible MS (Group 'C' case definitions, Supplemental Table 1 ) which resulted in similar findings as for Group 'B', except with higher PPV and lower NPV.
We further stratified the analysis for Group 'A' clinical case definitions according to whether ≤3 or >3 years of administrative data were available. For individuals with >3 years of data, the sensitivity of the definition which used ≥7 claims was 82% (Supplemental Table 2 ), decreasing slightly to 78% when applied to all individuals (Supplemental Table 1 ) and substantially (to 37%) when applied to individuals with ≤3 years of data. The specificity was similar when applied to individuals with >3 years of data (75%) or to all individuals (77%), but much higher for individuals with ≤3 years of data (100%). Based on these findings we created a 'combined' administrative case definition which required ≥3 claims for individuals with ≤3 years of data and ≥7 hospital or physician claims for individuals with >3 years of data. This combined definition had a sensitivity of 88% (95% CI: 87-90%), specificity of 68% (95% CI: 65-71%), PPV of 89% (95% CI: 88-90%), NPV of 67% (95% CI: 64-70%), and kappa of 0.56 (95% CI: 0.53-0.59).
To illustrate the impact of differing administrative case definitions on estimates of incidence and prevalence, we selected three definitions for further analysis: (i) Definition A2.: ≥3 hospital or physician claims using all available data (sensitive but less specific definition); (ii) Definition A4.: ≥7 hospital or physician claims using all available data (specific but less sensitive definition); and (iii) 'Combined' Definition: ≥3 hospital or physician claims for individuals with ≤3 years of data available and ≥7 hospital or physician claims for individuals with >3 years of data.
Incidence
Over the period 1995 to 2010, the average annual rate per 100,000 population applying the 'combined' definition was 9.77 (95% CI: 8.00-11.9) ( Table 1 ). The annual incidence rate was stable, with a change in incidence of -0.36 (95% CI: -0.56--0.17) per 100,000 population per year (Figure 1 sensitive definition, the change in incidence was -0.57 (95% CI: -0.84--0.30), and applying the specific definition the change in incidence was -0.66 (95% CI: -0.87--0.44). Some year-to-year variation was evident, including an apparent small increase in incidence rate around 1997 when the annual incidence rate reached 14.1 (95% CI: 11.8-16.5) per 100,000 population ( Figure 1 ). The incidence of MS was three-fold higher among women than men, peaking at age 40-44 years among women, and 50-54 years among men (Table 1) . Over the period 1995-1999, the female: male incidence ratio was 2.99, while it was 2.86 in 2000-2004, and 3.11 in 2005-2010.
Prevalence
In 2010, the crude prevalence of MS per 100,000 population ranged from 251.5 (95% CI: 241.9-261.3) for Definition 'A4' (specific) to 326.3 (95% CI: 315.4.3-337.5) for Definition 'A2' (sensitive), with the crude prevalence for the 'combined' definition falling between the two (266.9; 95% CI: 257.0-277.1). Using this 'combined' definition, the age-standardized prevalence in 2010 was 266.9 (95% CI: 256.9-276.8). Regardless of the case definition used, prevalence increased steadily from 1990 onward (Figure 2) , increasing by 8.28 (95% CI: 7.70-8.86) annually for the combined definition, 11.2 (95% CI: 10.6-11.9) for the specific definition ('A4'), and 7.96 (95% CI: 7.21-8.71) for the sensitive definition ('A2').
Over time, the peak age-specific prevalence shifted from 45-49 years in 1990 to 55-59 years in 2010 ( Figure 3 , Table 2 ). Although the prevalence declined after age 60 in all years, in 2010 it still remained relatively high, with 350 persons affected per 100,000 population. The age-standardized prevalence of MS 
INTERPRETATION
We demonstrated health administrative data to be a useful, valid information source for the surveillance of both the incidence and prevalence of MS. Using the best administrative case definition for MS, the crude prevalence was 266.9 (95% CI: 257.0-277.1) and average annual incidence was 9.77 per 100,000 population.
In 1960, a study of a single Nova Scotia county reported a prevalence of MS of only 32.4/100,000. 2, 3 The only other prevalence estimates for this region used self-report data from the 2000/2001 Canadian Community Health Survey but due to the small number of respondents, only a single prevalence of estimate of 350 per 100,000 (95% CI: 230-470) was reported for all Atlantic Canadian provinces, including Nova Scotia. 15 Our estimate falls within the bounds of that estimate. In the last five years, three prevalence studies from western Canada have reported crude prevalence estimates of ≥260 per 100,000 population. [16] [17] [18] The average annual incidence of MS in Nova Scotia was 9.77 per 100,000 population; similar to that in Manitoba over the period 1984 to 2005, 5 and in Saskatoon, Saskatchewan over the period 1970 to 2004. 16 In Alberta the incidence is higher, ranging from 20.9 to 23.9 per 100,000 population for the period 1990 to 2004. 18 Overall, incidence rates in Canada appear similar to those for Europe. 19 We found that MS prevalence increased over the twenty year study period, but that incidence was stable. Since prevalence is a function of incidence and disease duration, this may reflect earlier diagnosis, improved survival, or both. 18 Several studies suggest the diagnostic delay for MS is decreasing. 5, 20 Our observed rightward shift in peak age-specific prevalence suggests that improved survival 17 is also influencing MS prevalence. Given the better availability of magnetic resonance imaging and changes in diagnostic criteria aimed at facilitating earlier diagnosis, and possibly leading to the identification of milder cases, the stable incidence may seem surprising. However, stable MS incidence was also found in Manitoba using administrative data covering a similar time period. This finding is also consistent with those reported in Newfoundland and Labrador 21 and in Saskatoon, Saskatchewan 16 using different methods. We did observe transient fluctuations in incidence and they may reflect changes in ascertainment due to local factors. For example, the increased incidence in 1997 coincided with the advent of publicly funded disease-modifying therapies, likely making (timely) diagnosis more important. Such findings illustrate the importance of evaluating trends in incidence over extended periods of time and the need to carefully consider factors that may influence ascertainment.
The female predominance of MS has well-recognized for many years. Over a fifteen year period from 1995 to 2010 we observed that women had a nearly three-fold increased incidence of MS when compared to men. This is consistent with findings reported in Saskatoon, Saskatchewan where the female to male incidence ratio was 2.6 in 1990-1999, and 2.9 in 2000-2004. 16 A systematic review of temporal trends in the incidence of MS, among other studies, suggested that the sex ratio is rising 22 although we did not observe this increase in the sex ratio.
However, the preferred study design for evaluating such trends is to compare ratios in birth cohorts who have passed through most, if not all, of their lifetime period of disease risk. This eliminates the problems imposed by differential ages of symptom onset by sex, and by incomplete ascertainment of cases with later symptom onset. A recent study from Sweden that used such birth cohorts for persons with MS born between 1931 and 1985, also failed to find a change in sex ratio over time. 23 The optimal administrative case definition for MS varied somewhat with the number of years of data available. Among persons with three or fewer years of data, ≥3 claims for MS had a PPV of 95%. Among persons with more than three years of data, the presence of ≥7 claims for MS had a PPV of 95%. The specificity and NPV reported for these case definitions were based on their application in a population with at least one claim for demyelinating disease. Given that only 0.034% of the population had even one such claim these case definitions have a specificity of >99% in the general population. This supports the use of administrative data for the surveillance of MS incidence and prevalence in Nova Scotia while the similar performance of administrative case definitions in Manitoba 5 suggests that the use of such methods for national surveillance is feasible. The only other validated administrative case definition for MS used Veterans Health Administration data in the United States. It had a sensitivity of 93% and specificity of 92%, and required ≥1 health care encounter for MS for each year of data available. 24 Ours was a population-based study, and we had a large welldefined clinical cohort in which to validate our case definitions. Although administrative data could miss persons with MS who were not followed by a physician, the extended study period makes this unlikely. Nonetheless, we have probably underestimated the incidence of MS in the final study years since multiple health claims are required for the case definition. Thus cautious interpretation is needed for incidence rates in more recent years although this does not affect interpretation of the early-mid study years' data. The number of persons with MS under age 24 years and over age 60 years was too small to allow for detailed analyses of these age groups due to confidentiality considerations. Our findings demonstrate that administrative data are a valid means of estimating MS incidence and prevalence in Canada. Furthermore, our findings suggest that cost-effective methods can be developed to allow use of administrative data for this purpose. Consistent, unbiased collection of administrative data over extended periods of time provides the information necessary to evaluate temporal trends in incidence and prevalence. These can reflect and guide policies influencing ascertainment and service provision. Our prevalence estimates of MS in Nova Scotia are among the highest in the world, but importantly, are similar to recent estimates elsewhere in Canada. Evidence for increasing prevalence implies an increasing societal burden of MS in Canada. The shift in age-specific peak prevalence over the 20 year observation period points to the need to consider MS as a chronic disease of late middle age and older. It also illustrates the importance of examining factors that may be associated with poor health outcomes in later life 25 
